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' 1
A METHOD FOR QUANTITATIVELY MEASURING COLLAGENASE
FIELD OF THE INVENTION

This invention provides an improved method for
quantitation of type IV collagenase, a proteolytic enzyme
involved in the invasion process and associated with the

metastasis of tumor cells.
BACKGROUND OF THE INVENTION

Solid phase immunoassays, €.Q., enzyme-linked
immunosorbent assay (ELISA), have been widely used in
immunologic studies since their first description in 1971
(Engvall and Perlman, 1971; Van Weeman and Schurrs, 1971).
Various types of assay procedures have been described all
of which require the immobilization of antigen or antibody.
Usually, the strong interaction of peptide or protein
antigens and antibodies with several kinds of plastic, such
as polystyrene or polyvinyl chloride, forms the basis for
fixation to the solid phase (Leininger et al, 1966; Catt
and Treager, 1967). Coating in the ELISA is usually
achieved by contact of the diluted antigen or antibody with

‘these plastic surfaces, commonly by using a sodium carbon-

ate buffer of pH 9-10 (Hudson and Hay, 1980).
SUMMARY OF THE INVENTION

A natural protease substrate as solid phase for
capturing a neutral metalloproteinase enzyme capable of
degrading gelatin and type IV collagenis now disclosed.
The method is a modification of a standard capture assay
technique in which a metalloprotease substrate is used to
capture the enzyme of interest.

In this modified sandwich assay (Fig. 1), gelatin
is bound to a solid substrate and the plate may then be
washed. Varying amounts of a putative source of a soluble
type IV collagenase of interest are introduced. The plate
is then washed and the amount of bound enzyme is determined
using affinity purified, rabbit anti-peptide antibodies
against type IV collagenase followed by goat anti-rabbit-
peroxidase conjugate. This method is specific for type IV
collagenase in that it does not show cross reactivity with
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other matrix metalloproteinases, such as interstitial
collagenase or stromelysin.

Type IV collagenase has been closely linked to the
metastatic phenotype in humans and animal tumor models.
The detection of this enzyme in a solid phase immunoassay
would be of value in screening patients for metastatic
disease. The method described can be used in detecting the
presence of type IV collagenase in human serum or urine
samples. The diagnostic methods disclosed can be used to
evaluate the status of high risk individuals for particular
malignancies ﬁo which they are believed to be susceptible.
Furthermore, the method taught herein can be used to
monitor the condition of patients who have been treated for
malignancies or who are undergoing therapy.

Degradation of basement membranes is a crucial step
in tumor invasion and metastasis (Liotta, 1986). Type IV
collagenase is an important proteolytic enzyme involved in
the invasion process. This enzyme has been closely~linkéd
to the metastatic potential of tumors in human and murine
tumor models (Liotta et al, 1980; Bonfil et al, 1989) and
is augmented following the genetic induction of the meta-
static phenotype (Muschel et al, 1985; Garbisa et al,
1987).

The rapid detection and quantitation of this enzyme
in biologic substrates would enable further exploration of
the correlation between enzyme levels of type v collagen-
ase and the biologic behavior of tumor tissues.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a diagrammatic representation of the
steps involved in the Type IV collagenase substrate capture
immunoassay. First the ELISA plate is coated with gelatin
to form the capture phase. The sample is then introduced
into the well and binding of the enzyme to the gelatin
occurs. The well is then washed to remove unbound material
and affinity purified anti-type IV collagenase peptide
antibodies are introduced. Detection of the antigen anti-

body complex is achieved using goat anti~rabbit antibody-
horseradish peroxidase conjugate.

- ~ 8 -
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Figure 2 shows the amino acid sequences of the
amino terminal (péptide 1-17) and internal domain (peptide
472-490) peptides of type IV procollagenase used to gener-
ate anti-peptide antibodies. These sequences are compar d
with the show little homology with either interstitial
procollagenase (middle line) or prostromelysin (b¢tt6m

line).
Figures 3A, 3B and 3C show the characterization of

anti-type IV collagenase peptide antibodies.

Figure 3A shows the characterization of affinity
purified antibody A472-490. ELISA plate wells were coated
with the indicated amounts of peptide 472-490-BSA conju-
gate. Antibody dilutions were tested using a direct ELISA
assay. '

Figure 3B shows the characterization of affinity
purified antibody Al-17. ELISA plate wells were coated
with the indicated amounts of peptide 1-17-BSA conjugate.
Antibody dilutions were tested using a direct ELISA assay.
, Figure 3C shows the competition ELISA assay. ELISA
plates were coated with 20 ng of peptide-BSA conjugate per
well. The ability of unconjugated peptides to compete for
antibody binding were tested by preincubating the appro-
priate antibody with the indicated amounts of free peptide.
Both peptide 1-17 and peptide 472-490 ‘showed complete
reversal indicating that these affinity purified antibodi s
were monospecific. ~ Peptide 1-17 showed no ability to
compete for antibody A472-490 binding. Likewise peﬁtide
472-490 showed no competition for antibody Al-17 binding.

Figures 4A and 4B show the effect of calcium ion
and temperature on gelatin capture immunoassay.

Figure 4A shows the calcium ion effects. Inclusion
of 5 mM calcium ion in the diluent and wash buffers result-
ed in a significant loss of color development when using
conditioned media as a source of antigen. Inclusion of low
concentrations of EDTA (10 pM) improved antigen detection
only slightly. Higher concentrations of EDTA did not

further improve antigen detection.
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Figure 4B shows th temperature ffects. Color
development was enhanced when the experiments were per-
formed at 4°C as compared to results obtained when experi-
ments were performed at 25°C.

Figure 5 shows the sensitivity of the substrate
capture immunoassay. Serial two-fold dilutions of purified
type IV collagenase were performed using the substrat
capture immunoassay technique. The assay was capable of
detecting less than 50 ng per'well (i.e., 0.3 ng/pL).

Figure 6 shows the assessment of reproducibility.

Serial two-fold dilutions of conditioned media were per-

formed in the substrate capture immunoassay procedure.
Identical results were obtained for conditioned media
samples when compared by assays performed on the same plate
(Assay #1 and Assay #2) or on different days (Assay #3).
Figure 7 shows the assessment of specificity.
Serial two-fold dilutions of purified enzyme samples were
performed in the substrate capture immunoassay procedur .

Purified human synovial collagenase (D) and purified human

stromelysin (M) showed no reactivity in this assay even at
high concentrations tested. Purified human type IV colla-
genase (@ ) showed concentration dependent reactivity.
DETAILED DESCRIPTION OF THE INVENTION
It is desirable, in evaluating the status and

" progress of patients suffering from malignancies to measure

the collagenase in body fluids. The instant invention
provides a quantitative measure of the collagenase.

The invention comprises the steps of exposing solid
substrates to gelatin to provide substrates with gelatin
bound thereto. The substrates are then exposed to varying
amounts of the collagenase of interest or to test samples
believed to contain that collagenase. Antibodies against
the collagenase of interest are then applied to the sub-
strates. After the antibodies have be n allowed to bind to
the collagenases the substrates are wash d. The substrates
ar then exposed to an antibody-peroxidase conjugate which
will bind to the first antibody under conditions which
enhance binding of the antibody-p roxidase conjugate to the
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antibody which is bound to the collag nase of interest.
The substrates ar again washed and a peroxidase color
development reagent introduced. The substrates having
bound thereto known amounts of collagenase are compared
with the substrates eiposed to the test samples.

The antibodies used in the method of the invention
can be either monoclonal or polyclonal in nature. The
choice of antibody is limited only by the requirement that
it recognize the collagenase of interest in the native
conformation while bound to gelatin. The peroxidase-
antibody conjugate can also be either polyclonal or mono-
clonal but must be directed against the anti-collagenase
antibody. Alternatively the first antibody could be
coupled directly to peroxidase or other detection system,
such as alkaline phosphatase or radioactive iodine, thus
eliminating the need for a second antibody.

While other ELISA test are known the use of the
substrates having gelatin bound thereto, as described
herein, provides improved sensitivity and specificity of
the test.

‘ MATERIALS AND METHODS

Materials: Immulon TM 2 flat bottom 96 well
microtitration plates were obtained from Dynatech Labora-
tories, Inc. The ELISAmate® kit system (Microwell
ELISAmate® for Peroxidase Conjugate) was purchased from
Kirkegaard and Perry Laboratories, Inc. as was the peroxi-
dase-labelled Goat .Anti-Rabbit IgG (H&L, human serum

adsorbed).
Gelatin and antigen diluent buffer and the wash

buffer for the first two washes consisted of 0.05 M
TrisHCl. 0.2 M NaCl, pH 7.6, with or without 10 uM EDTA
(TSE buffer). The remaining wash solution and the antibody
diluents came from the ELISAmate® kit. The microtiter
plat s were scanned on a Titertek ® Multiscan plate r ader

at 405 nm.

Antigen sources:
Conditioned tissue culture media was obtained from

human A2058 melanoma cell cultures. These cells w re grown
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to 80% confluence in DMEM with fetal calf serum. The media
was then discarded and replaced by serum-free DMEM. This
media was harvested after 24 hours. It was centrifuged at
3600 rpm in a Sorvall ® RT 6000 for 10 min at 4°C. The
supernatant was filtered through a 0.45 p filter and
concentrated to 10X by ultrafiltration using a ¥YM 30
membrane (Amicon).

Purified enzymes:

Type IV procollagenase was purified- from human
A2058 melanoma cell conditioned media by gelatin affinity
chromatography as described by Stetler-Stevenson et al
(1989). The purified enzyme was stored at -70°C until use.
Samples of human rheumatoid synovial fibroblast collagenase
and stromelysin were kindly provided by Dr. H. Nagase,
Univ. of Kansas Medical Center.

- Synthetic peptides:

The synthetic peptides used in the immunization
procedures were made on a Biosearch 9600 peptide synthe-
sizer using tBOC amino acid methodology.

Antibody source:

Antibodies were grown in New Zealand White rabbits
using synthetic peptides coupled to bovine serum albumin
with gluteraldehyde (0.14%). For the two initial immuni-
zations, 1 mL of bovine serum albumin-peptide conjugate
containing 0.2 mM equivalent of unconjugated peptide was
mixed with 1 mL of complete Freund’s adjuvant and emulsi-
fied prior to subcutaneous injection. For the remaining
biweekly immunizations, 0.5 mL of bovine serum albumin-
peptide conjugate was emulsified with 0.5 mL of complete
Freund'’s adjuvant before injection. :
Preparation of the peptide affinity column and affinity
purification of the antipeptide antibodies: ‘

Peptide affinity resins were prepared for both
p ptides using Affi-Gel 10 (BioRad) following the manufac-
turer’s directions and using 2 mg of each peptide. These
resins were used to affinity purify the antibodies from

- rabbit serum following h at treatment of the serum at 56°C

for 30 min. After absorption of the antibodies overnight,
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th columns w re washed with 20 column volum s of cold
phosphate buffered salin prior to elution with 2 bed

" volumes of 1 M Acetic acid. This eluate was immediately

neutralized by the addition of 6M NaOH followed by Diaflo
buffer exchange using a YM 30 membrane (Amicon).

"Substrate Capture" Assay:
Gelatin was dissolved in the TSE buffer by warming

to 55°C in a water bath and allowed to cool to room

temperature. 300 uL of this 1% gelatin solution was
dispensed into the wells of the microtiter plate and
allowed to _incubate overnight at 37°C. The wells were

emptied by inversion of the plate and the plate was chilled
to 4°C. The wells were washed twice with TSE buffer and
150 pL of antigen (enzyme) solution was added to each well.

Serial dilutions were made in TSE buffer. Antigen
solutions were ‘equilibrated for 1 hr at 4°C with the
substrate coating. The wells were then emptied by
inversion and washed twice with TSE buffer. 150 uL of

antipeptide antibody solution was then added. Antibody
dilutions were made using the diluent/blocking solution
from the ELISAmate ® kit. First antibody was incubated at
4°C for 3 hr. The plate was then washed twice with wash
solution. 150 L of 0.5 upg/mL solution of goat anti-
rabbit-peroxidase conjugate was added and incubated at 4°C
for 3 hr. The plate was washed twice before a final 5 min
soak in wash solution. The plate was then emptied and
color development reagents were added. Color development
was allowed to proceed for 10 min before the plate was
scanned at 405 nm on the Titertek ® Multiskan reader.
RESULTS

Affinity purified antipeptide antibodies were
prepared against the amino terminal sequence of human
melanoma cell type IV procollagenase as well as that of an
internal domain beginning 159 residues from the carboxy
terminus. These peptid sequences were chosen because they
were obtained in the direct sequencing of the enzyme
(Hohyta et al, 1988; Collier et al, 1988), were confirmed
in the predicted sequence from the cDNA clone (Collier et
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al, 1988) and, as shown in Figure 2, are derived from
regions which do not show homology with other related

' metalloproteinases. The affinity purified antibodies were

characterized using direct ELISA as well as competition
experiments, Figures 3A-3C. The antibodies showed no cross
reactivity with bovine serum or unrelated peptides.

The optimal concentrations of anti-type IV procol-
lagenase antibodes and peroxidase-labelled conjugate
antibody were obtained by checkerboard analysis using
concentrated melanoma cell conditioned media as the source
of enzyme. PFrom this data an optimal dilution of 1/320 was
chosen for the affinity purified antibody Al-17. Antibody
A472-490 failed to show significant color development in
this assay procedure.” In attempting to reconcile this
observation with the ability of this antibody A472-490 to
detect the enzyme in immunoblot experiments we have
concluded that the epitope .for this antibody is not
available in the native, soluble enzyme conformation.
Conjugate antibody concentration was optimal at 0.5 pg/mL,
and this concentration was used for the remainder of the
experiments.

Type IV collagenase is a neutral metalloproteinase
enzyme which requires calcium ion for enzyme activity
(Liotta et al, 1979; Liotta et al, 1981). In order to
investigate the possible effect of substrate degradation in
this assay we tested the effect of excluding calcium ion
and including in the buffer EDTA, an inhibitor of this and
other neutral metalloproteinases (Fig. 4A). Exclusion of
calcium ion alone showed a significant increase in enzyme
detection as assessed by total color development. Inclu-
sion of a low concentration of EDTA (10 uM) allowed a
slight improvement in the color development when compared
to buffers with calcium exclusion alone. Temperature
effects w re also assessed. The optical density measure-
ments wer much higher, indicating a higher efficiency of
enzyme capture, when the =xperiments were performed at 4°C
when compared with the results obtained at 25°C (Fig. 4B).
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The sensitivity of the developed assay was tested
using samples of highly purified type IV collagenase.
Serial dilutions of 5 mg/mL stock solution of highly
purified type IV collagenase were assayed using the sub-
strate capture method. The results shown on Figure 5
demonstrate that this method can detect as little as 50 ng
of purified type IV collagenase corresponding to 0.3 ng/uL.
when the sample volume is restricted to 150 uL.  The
specificity of the assay was tested  using samples of
purified human rheumatoid synovial fibroblast collagenase
and stromelysin. As shown in Figure 6, these enzymes did
not cross react with the type IV collagenase antibody in
this system. Reproducibility of the assay was tested using
conditioned media as a source of enzyme (Fig. 6). These
experiments allowed comparison of results from different
sets of dilutions on the same plate or on different days.
These results show that the assay is not only sensitive but

highly reproducible.
We have designed and developed a reproducible,

sensitive assay for quantitation of type IV collagenase.
The assay principle is essentially that of a "sandwich"
type assay except that the capture is achieved using an
alternate substrate for this enzyme, gelatin. Gelatin
coating of the ELISA plate wells allows adsorption of the

" type- IV collagenase from solution. The immobilized enzyme

is then detected by the addition of affinity purified
antipeptide antibodies and goat anti-rabbit antibody-

peroxidase conjugate.

This novel method uses a protease substrate to
capture the antigen (enzyme). This method allows specific
adsorption of the enzyme of interest as well as other
gelatin binding proteins. This greatly simplifies the
mixture in which the enzyme is detected and removes
potentially interfering substances, thus avoiding some of
the difficulties inherent in the usual assay protocol
requiring coating of antigen or antibody directly onto the

solid phase.
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Enzyme detection is increased in the absence of
calcium ion with or without addition of EDTA. Since the
metalloproteinase activity requires the presence of calcium
ions, these results suggest that the improved detection
seen in the absence of calcium ion is due to inhibition of
substrate (gelatin) degradation. As substrate degradation
occurs the cleavage products and captured enzyme are washed
from the plate, and consequently the color development is
diminished. This substrate degradation effect is also
observed in the study of temperature dependence of the
assay, i.e., a lower color yield at higher assay
temperatures.

The observation of the calcium ion dependent
decrease in enzyme detection, further suggest that the
gelatin binding domain of type IV collagenase is distinct
from the active site, the former being calcium independent
and the latter calcium dependent.

This method can detect type IV collagenase in
conditioned media and will be useful for assessing the
levels of enzyme secreted by different cell lines as well
as the effects of various agents on enzyme secretion.
Preliminary studies (data not shown) on human serum samples
showed that this assay can detect type IV collagenase in
samples from some patients with malignant lung cancers.
This assay may prove useful in screening for particular
cancers as well as clinical followup of patients who are
being treated.
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WHAT IS CLAIMED IS:
1. A composition of matt r comprising collagenase

bound to gelatin wherein the gelatin is bound to a solid

support.
2. The composition of claim 1 wherein the colla-
genase'ié a purified polypeptide.
. 3. The composition of claim 1 wherein the solid
support is a microtiter plate.
4, A method of detecting a type IV collagenase
comprising the steps of: '

(1) exposing a solid support having gelatin
pound thereto to a body £fluid test sample believed to
contain a collagenase of interest;

(2) exposing the product of claim (1) ¢to
antibodies against the collagenase of interest;

(3) exposing the product of step (2) to an
antibody-peroxidase conjugate wherein the antibody of the
conjugate is known to be reactive with the antibody which
is bound to the collagenase of interest;

(4) exposing the product of step (3) to a
peroxidase color development reagent; and

(5) observing color development in response
to the peroxidase development reagent to determine amount
of second antibody bound to the support.

5. A method of quantitatively detecting colla-
genase'in a body fluid comprising the steps of:

(1) binding gelatin to solid substrates;

(2) exposing the substrate of step (1) to
varying amounts of the collagenase of interest or to test
samples believed to contain the collagenase of interest;

(3) exposing the product of step (2) to known
antiﬁodies against the collagenase of interest under
conditions which enhance binding of the antibody to the
antigen;

(4) exposing the product of step (3) to
antibody-peroxidase conjugates which will bind to the
antibody against the collagenase of interest;
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(5) exposing the product from step (4) to a

peroxidase development reagent; and _
(6) comparing the response in the test

samples with the substrates having known amounts of the

5 collagenase of interest.

L
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